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ABSTRACT 

S e v e r a l  companies and NASA o r g a n i z a t i o n s  have d i s c u s s e d  
p o s s i b l e  i n t e r i m  unmanned p l a n e t a r y  o r b i t a l  m i s s i o n s  and 
a s s o c i a t e d  c o n f i g u r a t i o n s  w i t h  OSSA. The material p r e s e n t e d  
by  these o r g a n i z a t i o n s  was b r i e f l y  reviewed and compared i n  
o r d e r  t o  become famil iar  w i t h  t h e  sugges t ed  a l t e r n a t i v e s  and 
u n d e r s t a n d  t h e  s i m i l a r i t y  and d i f f e r e n c e s  between s u g g e s t e d  
a p p r o a c h e s .  

G e n e r a l l y ,  t h e  sugges ted  a l t e r n a t i v e s  f a l l  i n t o  two 
c a t e g o r i e s :  

1. b a s i n g  t h e  d e s i g n  of t h e  i n t e r i m  s p a c e c r a f t  on 
e x t e n s i o n s  of  e x i s t i n g  s p a c e c r a f t  and p o s t p o n i n g  
any commitment t o  a Voyager-type d e s i g n  u n t i l  t h e  
mid-70's; 

2 .  e a r l y  commitment t o  a Voyager-type d e s i g n  suppor t ed  
by  a program o f  u p r a t i n g  t h e  s p a c e c r a f t  a t  e a c h  
o p p o r t u n i t y  to grow t o  f u l l  Voyager c a p a b i l i t y .  

The s t u d i e s  i n  t h e  f i r s t  c a t e g o r y  are more t a n g i b l e .  
The c o n f i g u r a t i o n s  used i n  t h e s e  s t u d i e s  are f a i r l y  w e l l  d e f i n e d  
and t h e  a s s o c i a t e d  s c h e d u l e s  and c o s t s  a re  somewhat b e t t e r  under-  
s t o o d .  The d e f i n i t i o n  i s  a t  a l e v e l  t h a t  phase D of  a procurement  

e pe rhaps  cou ld  be cons ide red .  

The f i rs t  approach  appea r s  w e l l  s u i t e d  to 

. o b t a i n i n g  u s e f u l  p l a n e t a r y  data 

. k e e p i n g  open t h e  o p t i o n s  as t o  which 
way t o  go i n  t h e  m i d  and l a t e  7 0 ' s .  

The second approach  has a l l  t h e  unknowns o f  new deve l -  
pe rhaps  compl i ca t ed  by the  l o n g  t i m e  i n  a c h i e v i n g  each  

e v o l u t i o n a r y  s t e p .  The promise t ha t  t h i s  avenue h o l d s  o u t  i s  
t h e  p o s s i b i l i t y  of t a k i n g  s i g n i f i c a n t  steps i n  d e v e l o p i n g  and 
q u a l i f y i n g  t h e  next  g e n e r a t i o n  o f  automated s p a c e c r a f t  w h i l e  
o b t a i n i n g  p r e c u r s o r  data.  

(NASA-CR-93388) A P P R A I S A L  CP U N f i A N I J E D  N79-72080 
PLAMETAEY PBOGfiAFl ALTERMATTVES TCI V O Y A G E 3  IN &- / T R E  PEBIOD 1968-1975 ( E e l L c o m m ,  I n c , )  11 F 
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Approach 2 r e q u i r e s  a c a r e f u l  examinat ion  t o  
a s s u r e  t h a t  t h e  concept  of early commitment t o  the  evolu-  
t i o n a r y  growth t o  a "full Voyager-type" s p a c e c r a f t ,  over  
a p r o t r a c t e d  t i m e  p e r i o d ,  is  sound. The q u e s t i o n  i s  whether 
i t  can  be done w i t h i n  approximate ly  the  same e a r l y  c o s t s  as 
Approach 1 whi l e  r e t u r n i n g  t i m e l y  data and n o t  r e s u l t i n g  i n  
a commitment t o  a Voyager o f  l i m i t e d  f l e x i b i l i t y .  
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MEMORANDUM FOR FILE 

1 . 0  INTRODUCTION 

T h e  " A l t e r n a t i v e s  t o  Voyager" s t u d i e s  of.  s e v e r a l  
c o n t r a c t o r s  s p o n t a n e o u s l y  provided  to NASA l a s t  f a l l  were 
rev iewed from t h e  v i ewpo in t  of d e f i n i n g  u s e f u l  p l a n e t a r y  
m i s s i o n s  t h a t  cou ld  be performed i n  t h e  e a r l y  1 9 7 0 ' s  u s i n g  
e x i s t i n g  t e c h n o l o g y .  It  was assumed t h a t  no new s t a r t s  would 
b e  a u t h o r i z e d  i n  FY 1968,  b u t  t h a t  new s t a r t s  i n  FY 1969 
might  b e  a v a i l a b l e .  

The documents examined  were p r e p a r e d  by: 

Boeing Mart i n  
G e n e r a l  E lec t r i c  McDonnell-Douglas 
Hughes North American Rockwell  
MAD-OART ( A m e s  ) 

Miss ion  A n a l y s i s  D i v i s i o n  
of  O f f i c e  of  Advanced 
Resea rch  and  Technology 

The Boeing, Gene ra l  E l e c t r i c ,  Hughes and MAD 
s t u d i e s  were aimed toward p r o v i d i n g  a c o n f i g u r a t i o n  f o r  a n  
i n t e r i m  p l a n e t a r y  program. The Nor th  American s t u d y  w a s  
more o f  a r ep lacemen t  f o r  Voyager w i t h  s e v e r a l  s u g g e s t e d  
a p p r o a c h e s  o f  u s i n g  Apol lo  d e r i v a t i v e  hardware i n  a n  unmanned 
p l a n e t a r y  program. The M a r t i n  and McDonnell-Douglas s t u d i e s  
were aimed toward p r o v i d i n g  a n  u n d e r s t a n d i n g  o f  what t h e  
a v a i l a b l e  a l t e r n a t i v e s  are and d i d  n o t  e spouse  any p a r t i c u l a r  
c o n f i g u r a t i o n .  A b r i e f  summary o f  t h e  s a l i e n t  f e a t u r e s  o f  
these s t u d i e s  i s  g i v e n  i n  Tab le  1. 

2 . 0  GENERAL 

The documents v a r i e d  w i d e l y  i n s o f a r  as which a s p e c t s  
of  t h e  problem t h e y  c o n s i d e r e d  and a l s o  w i t h  r e g a r d  t o  t h e  
d e p t h  of d e t a i l .  I n  g e n e r a l ,  t h e  a s p e c t s  c o n s i d e r e d  were: 

Launch V e h i c l e  C a p a b i l i t y  
M i s s i o n  ( T r a j e c t o r y )  Ana lys i s  
S p a c e c r a f t  and Subsystems D e f i n i t i o n ,  Technology,  and 
S c i e n c e  P l a n n i n g  
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a .  

b .  

G e n e r a l l y  t h e  " s t u d i e s "  f a l l  i n t o  two c a t e g o r i e s :  

Bas ing  t h e  design o f  t h e  i n t e r i m  s p a c e c r a f t  on 
e x t e n s i o n s  of e x i s t i n g  s p a c e c r a f t  and p o s t p o n i n g  
any commitment t o  a Voyager-type d e s i g n  u n t i l  the  
m i d  1 9 7 0 ' s .  ( E x a m p l e s  o f  t h i s  approach  were Boeing 
and Hughes.)  

E a r l y  commitment t o  a Voyager-type d e s i g n  sup- 
p o r t e d  by a program of u p r a t i n g  t h e  s p a c e c r a f t  
a t  e a c h  o p p o r t u n i t y  t o  grow t o  f u l l  Voyager 
c a p a b i l i t y .  (General  E l e c t r i c  i s  a n  example of 
t h i s .  ) 

There was some v a r i a t i o n  i n  t h e  a s sumpt ion  o f  l a u n c h  
v e h i c l e  c a p a b i l i t y .  Most of t h e  documents se t  f o r t h  c a p a b i l -  
i t i e s  compa t ib l e  w i t h  standard r e f e r e n c e s .  A s t a n d a r d  f o r  
compar ison  i s  NASA TMX 60153, "Launch V e h i c l e  E s t i m a t i n g  
F a c t o r s  f o r  G e n e r a t i n g  OSSA P rospec tus  1 9 6 7 , "  dated November, 1966.  
A t l a s -Cen tau r ,  T i t a n  1 1 1 - C  and T i t a n  1 1 1 - C  d e r i v a t i v e  v e h i c l e s  
a p p e a r  t o  be a d e q u a t e  f o r  pre-Voyager unmanned e x p l o r a t i o n  of  
t h e  n e a r  p l a n e t s .  

While t h e  q u a l i t y  of  t h e  s u p p o r t i n g  t e c h n i c a l  d e t a i l  
v a r i e d  from document t o  document, t h e  s u p p o r t i n g  P l a n n i n g  
( S c h e d u l e s  and C o s t s )  d e t a i l  was un i fo rmly  a b s e n t  from a l l  
s t u d i e s .  

3 . 0  SPZCIFIC COMMENT 

3 . 1  Boeing 

T h i s  i s  a p r o p o s a l  t o  modify t h e  Lunar  O r b i t e r  ( L . O . )  
t o  a P l a n e t a r y  Orb i t e r -p lus -p robe  c o n f i g u r a t i o n .  It i s  h e a v i l y  
s u p p o r t e d  by a p r i o r  s t u d y ,  "Study o f  A p p l i c a b i l i t y  of  Lunar 
O r b i t e r  Subsystems t o  P l a n e t a r y  O r b i t e r "  (document NASA CR-66302, 
p r e p a r e d  under  NASA c o n t r a c t  ) .  

Most ( b u t  n o t  a l l )  L.O.  subsys tems a re  s a t i s f a c t o r y  
"as i s"  and ,  e x c e p t  f o r  communications,  m o d i f i c a t i o n s  a p p e a r  
t o  be e v o l u t i o n s  o f  e x i s t i n g  subsystems ra ther  t h a n  develop-  
ments  of  new subsys tems.  The p o s s i b i l i t i e s  o f  i n c o r p o r a t i n g  
expandable  a n t e n n a s  t o  get l a r g e r  diameters,  i n c r e a s i n g  
radiated power ( u s i n g  t u b e s  c u r r e n t l y  i n  deve lopmen t ) ,  as w e l l  
as d i g i t i z i n g  v i d e o  and u s i n g  block cod ing  t e c h n i q u e s ,  are 
under  s t u d y  b y  Boeing. There  i s  a q u e s t i o n  abou t  t h e  weight  
and s i z e s  o f  t h e  r e q u i r e d  power s y s t e m  f o r  these m i s s i o n s .  
The s u g g e s t i o n  i s  t h a t  Boeing may n o t  have  a l l o c a t e d  enough 
weight t o  t h e  power system. 
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Boeing recommends m o d i f i c a t i o n  of  t h e  Marquardt  
e n g i n e  O/F r a t i o  ( 1 . 6  i n s t e a d  o f  2 . 0 )  and n o z z l e  e x p a n s i o n  
r a t i o  (60:l i n s t e a d  of  40:l). The 1 . 6  O/F r a t i o  e n g i n e  
i s  an A p o l l o  a p p l i c a t i o n  o f  this hardware.  

A s t u d y  o f  t h e  r e l a t i v e  m e r i t s  o f  i n j e c t i n g  p r o b e s  
p r i o r  t o  or a f t e r  t h e  deboos t  o f  t h e  s p a c e c r a f t  i n t o  p l ane -  
t a r y  o r b i t  i s  des i rab le  be fo re  t h e  f i n a l  s p a c e c r a f t  and 
p r o b e  c o n f i g u r a t i o n s  are  s e l e c t e d .  

The n a t u r e  o f  t h e  m o d i f i c a t i o n s  w i l l  r e q u i r e  
p a r t i a l  r e q u a l i f i c a t i o n  of  subsystems,  and may r e q u i r e  f u l l  
s p a c e c r a f t  r e q u a l i f i c a t i o n .  

Boeing s u g g e s t s  t h r e e  a l t e r n a t i v e  o p t i o n s ,  a l l  o f  
Nhich m a i n t a i n  t h e  1969 Mariner f l y b y  b u t  pos tpone  i n  t i m e ,  
to v a r y i n g  d e g r e e s ,  t h e  '73 and ' 7 5  Voyagers and add t h e  
m o d i f i e d  Lunar Orb i t e r -p lus -p robe  as a n  i n t e r i m  measure t o  
p r o v i d e  u s e f u l  i n f o r m a t i o n  i n  s u p p o r t  o f  t h e  P l a n e t a r y  Program 
and p a r t i c u l a r l y  i n  s u p p o r t  of a Voyager-type m i s s i o n  i n  t h e  
l a t e  1 3 7 0 ' s .  

The T i t a n  I11 c l a s s  o f  l a u n c h  v e h i c l e  was recommended. 
The l i f t i n g  c a p a b i l i t y  of  t h e  T i t a n  111-C used i n  t h e  Boeing 
s t u d y  agreed w i t h  t h a t  o f  t h e  NASA TMX 60153. The m i s s i o n  pro-  
f i l e s  used  i n  t h e  s t u d y  f o r  t h e  y e a r s  ' 7 1 ,  ' 7 2 ,  and ' 7 3  conformed 
to g e n e r a l l y  a c c e p t e d  Yars and Venus t r a j e c t o r i e s  ( C  t i m e  of  
f l i g h t ,  p a y l o a d ) .  3' 

3 . 2  Gene ra l  E l e c t r i c  

T h i s  approach  i s  d e s c r i b e d  as a " s t r i p p e d  down" 
Voyager to perform a p l a n e t a r y  o r b i t e r  m i s s i o n .  The l a n d e r  
i s  defei-red and no i n t e r i m  probe a l t e r n a t i v e  i s  proposed  i n  
t h e  documen ta t ion .  However, t h e  c o n c e p t s  d i s c u s s e d  are  n o t  
i n c o m p a t i b l e  w i t h  such p robes .  

G .  E .  p roposes  an  e v o l u t i o n a r y  growth  t o  "flu11 
Voyager t echno logy ,  beginning  w i t h  a m i x t u r e  of  Voyager and 
Mar iner  t echno logy .  
t i o n  w a s  a v a i l a b l e  a t  t h e  t ime o f  t h e s e  s t u d i e s .  
s p a c e c r a f t  subsystems (communication, d a t a  management, gu idance ,  
c o n t r o l )  a r e  though t  a s  be ing  " b a s i c a l l y  t h e  same" as Voyager.  
The approach  i s  one of  s t r i v i n g  f o r  Voyager t echno logy  and 
u s i n g  Mar iner  t echno logy  as a n  i n t e r i m  measure.  As o f  e a r l y  
December, t h e i r  c o n c e p t s  were s t i l l  be ing  a n a l y z e d .  

N e i t h e r  a growth p l a n  n o r  t h e  c o n f i g u r a -  
The p r i n c i p a l  
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The communication s u b s y s t e m  c o n s i d e r e d  i s  t h e  

The r a d i a t e d  
largest  of t h e  s t u d y  c o n f i g u r a t i o n s .  A d e p l o y a b l e  9.5-ft 
diameter a n t e n n a  may r e q u i r e  development .  
power and b i t  r a te  a p p e a r  t o  b e  compa t ib l e  w i t h  t h e  d e s i g n  
approach .  

Development of  a s p a c e c r a f t  p r o p u l s i o n  module i s  
r e q u i r e d  t o  a c h i e v e  t h e  r e l a t i v e l y  h igh  weight  proposed  f o r  
t h e  p l a n e t a r y  o r b i t .  T h i s  development i s  p r e d i c a t e d  on 
t h e  e x i s t i n g  T i t a n  t r a n s t a g e  eng ine  ( A J  10-138, 8000 l b s  
vacuum t h r u s t ,  I 302 s e c ) .  Space f l i g h t  q u a l i f i c a t i o n  
for 200  d a y s  may be a development problem. I n  a d d i t i o n ,  
o p e r a t i o n  a t  a new O/F r a t i o  o f  1 . 6  i s  proposed  t o  improve 
I . If t h i s  e n g i n e  i s  t o  be used a t  8000 lbs t h r u s t ,  t h e  

p r o p o s a l  i s  no t  c l e a r  as t o  whether  t h e  s t r u c t u r a l  weight  o f  
t h e  deployed  s p a c e c r a f t  i s  compat ib le  w i t h  t h e  g - load ing .  
P o s s i b l e  a l t e r n a t i v e s  t o ,  and q u e s t i o n s  a b o u t ,  t h e  p r o p u l s i o n  
sys tem need c l a r i f i c a t i o n .  The performance numbers used i n  
t h e  G .  E.  s t u d y  f o r  s p a c e c r a f t  e n g i n e s  were i d e a l i z e d  c a l c u -  
l a t i o n s  based on a b s t r a c t  e n g i n e s .  

SP 

SP 

The G .  E .  s t u d y  p u t s  t h e  s p a c e c r a f t  i n t o  a n  e l l i p -  
t i c a l  p a r k i n g  o r b i t  around t h e  ear th  w i t h  t h e  b o o s t e r  and 
t h e n  u s e s  a s p a c e c r a f t  p r o p u l s i o n  s y s t e m  f o r  p l a n e t a r y  i n -  
j e c t i o n .  T h i s  r e s u l t s  i n  a l a r g e  payload  i n  o r b i t  abou t  t h e  
p l a n e t  by i n t r o d u c i n g  t h e  e q u i v a l e n t  of a k i c k  s t a g e .  The 
wor th  and c o s t  of t h i s  l a r g e  c a p a b i l i t y ,  r e l a t i v e  t o  a sys tem 
no t  r e q u i r e d  f o r  t h e  p l a n e t a r y  i n j e c t i o n ,  shou ld  be c a r e f u l l y  
examined s i n c e  i t  r e q u i r e s  development of  a s p a c e c r a f t  p ropu l -  
s i o n  module of  f a i r l y  l a r g e  s i z e  w i t h  two l a r g e  bu rns  s e p a r a t e d  
b y  o v e r  1 0 0  d a y s .  

3 .3  Nor th  American Rockwell  

T h i s  p r o p o s a l  e x p l o r e s  t h e  p o s s i b i l i t y  of  u t i l i z i n g  
t h e  Apo l lo  SM and,  i n  one case ,  t h e  CSM as  a t r a n s p l a n e t a r y  
i n j e c t i o n  s t a g e  from a 1 0 0  n.m. ear th  p a r k i n g  o r b i t .  The 
l a u n c h  v e h i c l e  i s  a T i t a n  1 1 1 - C .  The b a s e l i n e  S M  s e r v e s  as 
a s p a c e c r a f t  p r o p u l s i o n  module t o  i n s e r t  a pay load  ( s u c h  as 
a p l a n e t a r y  o r b i t e r / l a n d e r )  i n t o  a 1 0 0  n.m. ear th  p a r k i n g  
o r b i t  and s u b s e q u e n t l y  p r o v i d e s  t h e  p r o p u l s i o n  f o r  t h e  t r a n s -  
p l a n e t a r y  t r a j e c t o r y .  
t h e  R C S  f o r  a t t i t u d e  c o n t r o l ,  and p r o v i d e s  t h e  midcour se  c o r -  
r e c t i o n s  on t h e  t r a n s p l a n e t a r y  f l i g h t  p a t h .  
ments i n  t h e  v i c i n i t y  of  t h e  p l a n e t  must b e  p rov ided  by t h e  
s p a c e c r a f t  p r o p u l s i o n  subsystems.  

The SM s u p p o r t s  t h e  pay load ,  p r o v i d e s  

V e l o c i t y  i n c r e -  

Another  o p t i o n ,  u s i n g  t h e  
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SM as a t e r m i n a l  b o o s t e r  stage i n s t e a d  o f  as a p l a n e t a r y  
b u s ,  was a l s o  proposed .  The s p a c e c r a f t  c o n f i g u r a t i o n  was n o t  
defined. 

There a p p e a r s  t o  be a s u f f i c i e n t  number of changes  
t o  t h e  SM t o  make i t s  v a l u e  as  e x i s t i n g  hardware o f  q u e s t i o n -  
ab le  wor th  i n  a n  unmanned p l a n e t a r y  a p p l i c a t i o n .  There  may 
be as many problems due t o  SM c o n s t r a i n t s  as the re  would be 
w i t h  a new s p a c e c r a f t  d e s i g n .  A f u l l  f l i g h t  q u a l i f i c a t i o n  
o f  t h e  SM as as a p l a n e t a r y  s p a c e c r a f t  p robab ly  would b e  n e c e s s a r y .  

I n t e g r a t i o n  of the SM w i t h  any o t h e r  v e h i c l e ,  o t h e r  
t h a n  t h e  S a t u r n  class, may p r e s e n t  s i z a b l e  h idden  development  
c o s t s .  T h e  Nor th  American s tudy  s u g g e s t s  s o  many- a l t e r n a t i v e s  
u s i n g  Apol lo  d e r i v a t i v e s  that s u b s t a n t i a l  s t u d y  would b e  re- 
q u i r e d  to f u l l y  e v a l u a t e  t h e i r  p o t e n t i a l .  

3.4 Mar t in -Mar ie t t a  

A number o f  m i s s i o n  a l t e r n a t i v e s  to Mars and Venus 
were examined. Pr imary emphasis i s  on t h e  c a p a b i l i t y  o f  
T i t a n  I11 c l a s s  l aunch  vehjc les  f o r  p l a n e t a r y  m i s s i o n s .  Some 
c o n s i d e r a t i o n  i s  g iven  to Atlas-CeKtaur and S a t u r n  V. T r a j e c -  
tor:; c o n s i d e r a t l o n s  are d e t a i l e d  i n  a r r i v i n g  a t  p e r m i s s i b l e  
s p a c e c r a f t  w e i g h t s .  

S p a c e c r a f t  weight  i s  broken  down by subsys tems and 
s c i e n t i f i c  equ ipxen t  . A p o s s i b l e  expe r imen t  complement i s  
d e f r n e d .  S e v e r a l  s p a c e c r a f t - p r o b e  c o n f l g u r a t i o n s  are concep- 
t u a l l y  examined. No d e s i g n  was recommended. 

The docurlent d i s c u s s e s  t h e  e s c a l a t i o n  o f  t h e  t e c h -  
n c l o g y  l e v e l  from Mar iner  t o  Voyager w i t h  each  m i s s i o n  s t e p .  
There i s  i n s u f f i c i e n t  d e t a i l  t o  a s c e r t a i n  how t h i s  concep t  
m i g h t  be implemented. The only e x i s t i n g  hardware d i s c u s s e d  
i s  the  b o o s t e r .  

3 .5  McDonnell-Douglas 

T h i s  s t u d y  i s  a survey  o f  several  P l a n e t a r y  Program 
a l t e r n a t i v e s  i n c l u d i n g  : 

a. P l a n e t a r y  o r b i t e r / p r o b e s  (based on Lunar  O r b i t e r  
o r  Mar ine r )  i n  t h e  1971-73 t i m e  p e r i o d  c u l m i n a t i n g  
i n  a f u l l  Voyziger i n  1975. 

b .  A " s t r i p p e d "  Voyager ( impact  p robe  i n s t e a d  o f  s o f t  
lapder)  t o  f l y  i n  1973. 
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c .  A p l a n e t a r y  s p a c e c r a f t  t o  Mars i n  1 9 7 3  as p a r t  
of  a "shared" S a t u r n  V l aunch  ( ea r th  o r b i t a l  
l a b o r a t o r y ) .  

T h e  d e t a i l  on t he  s p a c e c r a f t  i s  l i m i t e d  t o  
c o n c e p t u a l  s k e t c h e s  and g r o s s  weight  estimates f o r  e a c h  
s p a c e c r a f t  o r  probe  and f o r  t h e  expe r imen t s .  

Fo r  t h e  p e r i o d  1971-73, t h e  At las -Centaur  or 
T i t a n  I11 i s  a p p a r e n t l y  compat ib le  w i t h  t h e  m i s s i o n s  s t u d i e d .  
The m i s s i o n  ( t r a j e c t o r y )  a n a l y s i s  was no t  d e t a i l e d .  The 
s t a t e d  C i s  i n  t h e  c o r r e c t  r ange  f o r  t h e  p l a n e t a r y  m i s s i o n s  
s u g g e s t e d .  

3 

3.6 Hughes 

T h i s  i s  a s p e c i f i c  s t u d y  t o  u s e  a mod i f i ed  ATS-1 
( A p p l i c a t i o n s  Technology S a t e l l i t e )  as a n  ATS-Mars t o  be 
launched  from a n  Atlas-Centaur  f o r  t h e  1 9 7 1  Mars o p p o r t u n i t y .  
The p r i n c i p a l  expe r imen t s  a r e  t h e  ATS camera and RF o c c u l t a t i o n .  
There i s  a l a r g e  margin  between t h e  s p a c e c r a f t  weight  and t h e  
l a u n c h  v e h i c l e  c a p a c i t y .  It i s  n o t  c l e a r  whether  t h i s  margin  
can be used  e f f i c i e n t l y  t o  i n c r e a s e  t h e  e x p e r i m e n t a l  pay load .  
Changes t o  t h e  ATS are r e q u i r e d  i n  f o u r  areas: 

a .  

b .  

C .  

d .  

Te lemet ry  and command sys tem must be changed 
t o  DSIF S-band and would be  p a r t l y  based on 
Surveyor  technology.  An e l e c t r o n i c a l l y  
despun S-band an tenna  would be a new 
development . 
Thermal c o n t r o l  system would b e  a c t i v e  i n s t e a d  o f  
p a s s i v e  u s i n g  i n s u l a t i o n  and h e a t i n g  b l a n k e t s  on 
t h e  s o l i d  r o c k e t  motor ( 2 0 0  d a y s  i n  s p a c e  b e f o r e  
d e b o o s t .  

C y l i n d r i c a l  s o l a r  a r r a y  must be ex tended  t o  main- 
t a i n  power a t  1 . 5  AU. 

A t a p e  r e c o r d e r  and b u f f e r  s t o r a g e  must be added 
t o  b a l a n c e  t r a n s m i s s i o n  r a t e .  

The sugges t ed  communication l i n k  changes t o  DSIF 
S-band are l a r g e l y  based on Surveyor  t echno logy .  B i t  r a t e  
i s  low r e s u l t i n g  i n  l o n g  t r a n s m i s s i o n  t i m e s .  The  approach  
i s  open t o  q u e s t i o n  due  t o  t h e  long  t r a n s m i s s i o n  t i m e s .  A 
l a r g e r  b i t  r a t e  may b e  a p o s s i b i l i t y  w i t h  m o d i f i c a t i o n s  t o  
t h e  proposed communication system. 
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The a c t i v e  t h e r m a l  c o n t r o l  sys t em,  as p r e s e n t e d  
may be o v e r - s i m p l i f l e ( i  and may r e q u i r e  sone  deve! opment 
and s p a c e c r a f t  m o d i f i c a t i o n .  The number of sys tem changes  
are such  t h a t  t h e  s p a c e c r a f t  may have t o  b e  r e q u a l i f i e d .  

F l e x i b i l i t y  and growth a re  minimal , p a r t i c u l a r l y  
c o n s i d e r i n g  t h e  s p i n  s t a b i l i z a t i o n  mode which may l i m i t  t h e  
i n t e g r a t i o n  o f  o t h e r  expe r imen t s ,  even though a d d i t i o n a l  
weight c a p a c i t y  i s  a v a i l a b l e .  The re  i s  a q u e s t i o n  o f  t h e  
c o m p a t a b i l i t y  o f  I R  and o p t i c a l  e x p e r i m e n t s  on t h e  ATS i n  
Mars o r b i t .  

Statec? l aunch  v e h i c l e  c a p a b i l i t y  ( A t l a s - C e n t a u r )  
i s  c o n s e r v e t i v c  and mis:Icin ( t r a j e c t o r y )  a n a l y s i s .  i s  adeq-ua te .  

3.7 Miss ion  . -  A n a l y s i s  D i v i s i o n  of OART a t  A m e s  

An Agen? s p a c e c r a f t  , u s i n g  Marir\.er ' 69 t e c h n o l o g y  , 
i s  proposed  f o r  t h e  1971-73 Mars/Venus o p p o r t u n i t i e s .  The 
concept  r e q u i r e s  upra tSng t h e  Agena frorn a t e r m i n a l  s t a g e  t o  
a s p a c e c r a f t  p r o p u l s i o n  module b y  p r o v i d i n g  a n  i n c r e a s e d  
caDac i ty  RCS s y s t e n  for a t t i t u d e  c o n t r o l  and a n  u p r s t e d  main 
p r o p u l s i o z  sys tem f o r  t r a j e c t o r y  c o n t r o l .  T h i s  l a t t e r  ap- 
p l i c a t i o n  r e q u i r e s  upra tLng t h e  Agena t o  a 200-day r e s t a r t  
c a p a b i l i t y  i n  space  a s  v e l 1  as a p o s s i b l e  p r o p e l l a n t  change 
to Pi2O4/Aerozene 50  frcm IRFNA/UD$?H. 

i s  the  i n c o r p o r a t F o n  of  a secondary p r o p u l s i o n  s y s t e m  on t h e  
Agena f o r  midcourse  c o r r e c t i o n s .  Subseauent  d e t a l l e d  s t u d y  
would have t o  b e  performed b e f o r e  t h e  f e a s i b i l i t y  of this 
c o u l d  b e  c o n s i d e r e d  demonst ra ted .  

Another  new requ i r emen t  

T h i s  combinz t ion  o r b i t s  557 l b s  o f  communication, 
e l e c t r o n i c s  an6 i n s t r u m e n t a t i o n  ( cameras ,  s p e c t r o m e t e r s ,  ra- 
d i o m e t e r s ,  e t c . )  and a 200-lb p-obe r: i th a c c e l e r o m e t e r s ,  p r e s -  
s u r e  and t e n p e r a t u r e  s e n s o r s ,  r a d i o E e t e r ,  s p e c t r o m e t e r ,  and 
LaRgmuir probe .  The prcFJe would b e  r e l e a s e d  from o r b i t .  

Technology i s  based on Mar ine r  ' 6 9 .  A t e n - f o o t  
diameter s t ee rab le  LSIF S-baiid an terma i s  r e q u i r e d ;  t h i s  w u l d  
r e q u i r e  development .  

. .  

P.  L. C h a n d e y s s d  
/ 
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